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Abstract
The first Sm–Nd isotope studies of the Carboniferous–Early Cretaceous clastic rocks of the northeastern Siberian Platform have been carried
out. Variation in the isotope composition of sediments within this time interval has been determined and interpreted. The high εNd(t) values
for Carboniferous–Permian sediments (from –11 to –2) testify to the large contribution of the products of erosion of island-arc and juvenile
complexes localized in the Taimyr–Severnaya Zemlya fold–thrust belt in the Carboniferous. The positive εNd(t) values for Triassic sandstones
suggest erosion of the coeval igneous rocks of the trap association. The Upper Jurassic and, particularly, Cretaceous sediments of the
Lena–Anabar depression and Verkhoyansk foreland basin are characterized by extremely negative εNd(t) values (from –15 to –19), which is
evidence for erosion of mature continental crust. The Carboniferous–Triassic complexes of the Verkhoyansk fold–thrust belt, which show
higher εNd(t) values, cannot have been a source of detritus for Cretaceous sandstones. The sediments filling the Verkhoyansk foreland basin
accumulated as a result of the decomposition of homogenized distal source rocks with the isotope characteristics of the old crust rather than
the breakup of the mountain range rising to the east. Salients of the crystalline basement of the Siberian Platform, such as the Aldan Shield,
might have been these source provinces.
© 2016, V.S. Sobolev IGM, Siberian Branch of the RAS. Published by Elsevier B.V. All rights reserved.
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Introduction
The Late Paleozoic and Mesozoic sedimentary basins in
the northeastern Siberian Platform are composed of the
terrigenous sediments of the passive margin and marginal
troughs. The composition of the terrigenous sediments depends
on many factors, the most important being the characteristics
of source rocks: the composition of eroded rocks, the position
of some rocks with respect to the others, and distance from
the sedimentary basin. Change in the composition of the clastic
material supplied to the basin reflects a change of the
paleogeographic environment and of the configuration of the
sources, which, in turn, is related to large regional tectonic
events. Studies of different sedimentary basins show the
efficiency of the Sm–Nd method for the determination of the
characteristics of source rocks (Boghossian et al., 1996;
Podkovyrov et al., 2007; Ross et al., 1997, 2005). During
sedimentation processes, such as erosion, transport, and accu-
mulation, REE are retained in the detrital fraction in the same
proportions as in source rocks (McLennan et al., 1993, 2003).
As Sm and Nd are REE, the isotope characteristics of whole
rock samples of clastic rocks must reflect the weighted mean
characteristics of source rocks.
The aim of the paper is to reconstruct the source rocks of
Carboniferous–Cretaceous sedimentary basins in the north-
eastern Siberian Platform, based on the study of the Sm–Nd
isotope system in terrigenous rocks. Information on the
regional source rocks is based mainly on the study of
sandstones, including their heavy fraction (Egorov et al., 2001;
Kaplan, 1976; Mezhvilk and Markov, 1983). Despite the
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enormous quantity of data, their interpretation is often com-
plicated, because it is impossible to identify the tectonic origin
or age of the source rocks. The results of U–Pb dating of
detrital zircons are more informative, but they are not abundant
as yet and concern only some fragments of the section
(Ershova et al., 2013, 2015; Miller et al., 2013; Prokopiev et
al., 2013). On the other hand, the rock material collected by
the authors permits describing the entire terrigenous section
considered in the paper and tracing the main trends in the
evolution of the source rocks.
Geological summary
The Upper Paleozoic and Mesozoic sediments on the
northeastern margin of the Siberian Platform were studied in
outcrops and boreholes within the Olenek uplift, Olenek folded
zone, Lena–Anabar depression, Verkhoyansk foreland basin,
and Verkhoyansk fold–thrust belt (Figs. 1, 2). Permian and
Triassic platform sediments are observed within the Olenek
uplift. They are overlain by Jurassic and Cretaceous sediments,
which are localized mainly in the troughs north and east of
the Olenek uplift. At the place of the principal sedimentary
basin in which Carboniferous–Triassic sediments accumu-
lated—the Verkhoyansk passive continental margin, the Verk-
hoyansk fold–thrust belt is localized, fringing the eastern
Siberian Platform.
The Carboniferous System. The Carboniferous sediments
have a limited distribution over the platform within the Olenek
uplift but are widespread in the northern Kharaulakh Ridge
(northern Verkhoyansk area). Only Tournaisian and Lower
Visean carbonate sediments are known in the Olenek uplift.
In the Kharaulakh Ridge, Tournaisian shallow-water carbonate
sediments are overlain by the terrigenous sediments of the
Verkhoyansk complex. The section of the latter begins with a
Visean series of variable facies, in which boulder conglomer-
ates are laterally replaced by cherty mudstones. They are
overlain by siltstones and mudstones, which contain sandstone
beds above in the section. In general, the grain size of the
terrigenous rocks increases gradually up the section. The
sedimentation took place under shelf, delta, and submarine-fan
conditions (Egorov et al., 2001; Ershova et al., 2013; Parfenov,
1984; Prokopiev et al., 2001, 2013). The estimated total thick-
ness of the Carboniferous terrigenous sediments is >2000 m
(Egorov et al., 2001).
The Permian System1. The Permian sediments within the
northeastern Siberian Platform and Verkhoyansk fold–thrust
belt form a wedge whose thickness increases northward and
eastward from 70–80 m in the Olenek uplift to ~2365 m in
the northern Lena–Anabar depression (Ust’-Olenek borehole)
and >2800 m in the Kharaulakh Ridge (Kontorovich et al.,
2013; Mezhvilk and Markov, 1983; Prokopiev et al., 2001).
Near the Olenek uplift, Lower Permian sediments unconfor-
mably overlie different horizons of Neoproterozoic, Mesopro-
terozoic, and Cambrian rocks; in the Ust’-Olenek borehole,
they overlie Silurian rocks. In the northern part of the
Kharaulakh Ridge, they conformably overlie Upper Carbonif-
erous beds; in the southern one, Upper Cambrian carbonate
rocks.
The Permian sediments are terrigenous; within the platform,
they are mainly quartz–feldspar sandstones interbedded with
clastic material with different grain sizes, from siltstones to
conglomerates of continental and littoral marine origins. The
section contains coal measures, and ripple marks are often
observed on the surface of the sandstones. Toward the
platform edges (in the Verkhoyansk foreland basin, Lena–An-
abar depression, and northern Verkhoyansk area), the rocks
become finer grained, with a transition to shelf and deltaic
sedimentation conditions—shallower water conditions than
those for the Carboniferous sediments. Shallower water and
coarser grained Permian sediments are observed above in the
section. Such a structure of the section of the terrigenous
complex is explained by the successive eastward progradation
of submarine fans (Egorov et al., 2001; Mezhvilk and Markov,
1983; Parfenov, 1984; Prokopiev et al., 2001).
The Triassic System. At the Permian/Triassic boundary, a
uniquely large-scale eruption of basalts (Siberian Traps)
occurred in the platform. They are observed mainly within the
Tunguska syneclise; in the northeastern part of the platform,
mafic effusive traps are widespread south of the Olenek uplift
(Kropachev, 2013). The Triassic sediments occur in the entire
study area; their thickness increases quickly northeastward
from ~150 m on the slope of the Olenek uplift to 800 m on
the northern limb of the Lena–Anabar depression and 2000 m
in the northern Verkhoyansk area (Dagis and Kazakov, 1984;
Egorov et al., 2001; Kazakov et al., 2002; Mezhvilk and
Markov, 1983; Prokopiev et al., 2001).
The accumulation of the Triassic sediments, which uncon-
formably overlie the Permian sediments, includes several
periods of transgression and regression, reflected in the
completeness of the stratigraphic section and in the sediment
composition (Dagis and Kazakov, 1984; Kazakov et al., 2002).
The sedimentation took place predominantly under shelf and
delta conditions. In the western part of the study region, the
transition from marine to continental conditions began in the
late Middle Triassic. Except the Olenek marker horizon of
limestones, the rocks are terrigenous, with some tuffaceous
material or the products of erosion of mafic igneous rocks. In
the Lena–Anabar depression, Induan beds are preserved
mainly in the basins, whereas the Triassic section in the uplifts
begins with the Olenek Stage. The Middle Triassic sediments
occur on the northern limb of the Lena–Anabar depression
and along the boundary of the fold–thrust structures of the
northern Verkhoyansk area and Verkhoyansk foreland basin,
but they are missing in the platform. The underlying beds of
the Upper Triassic sediments are eroded. The Upper Triassic
is complete only in the Olenek folded area, while only the
Carnian marine sediments are preserved near the Olenek uplift
and in the Verkhoyansk foreland basin.
The Jurassic System. The Jurassic terrigenous sediments
transgressively overlap the Triassic, Upper Paleozoic, and
1 A binary division of the Permian Period is applied in the paper, because
maps with such a division were used in field studies during sampling.
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Cambrian rocks. The uppermost Jurassic horizons are observed
in the Verkhoyansk foreland basin and Lena–Anabar depres-
sion, in the central part of which they are overlain by
Cretaceous sediments. The Bajocian clayey sediments are
overlain by Bathonian–early Callovian delta sandy and silt–
sandy rocks. The Callovian sediments are mudstones and
siltstones in the northern Lena–Anabar depression and sand-
stones on its southern limb. The near-platform part lacks
Oxfordian or Kimmeridgian rocks because of their erosion
during the pre-Volgian gap. The Oxfordian and Kimmeridgian
sediments in the Verkhoyansk foreland basin are thin members
of fine-grained sandstones and siltstones. The Tithonian Stage
is composed of marine clay–siltstone and siltstone–sandy
rocks. The total thickness of the Jurassic sediments is ~1000 m
in the Lena–Anabar depression and the platform limb of the
Verkhoyansk foreland basin and at least two times larger in
the Verkhoyansk foreland basin (Egorov et al., 2001; Knyazev
et al., 1991; Mezhvilk and Markov, 1983; Prokopiev et al.,
2001; Rogov et al., 2011; Shurygin et al., 2000).
The Cretaceous System. The Cretaceous sediments fill the
central Lena–Anabar depression and the Verkhoyansk mar-
ginal trough. They have the maximum thickness (≤4500 m)
near the front of the Verkhoyansk fold–thrust belt, which
decreases quickly (to several hundred meters) toward the
platform. The Lower Cretaceous sediments belong to the
marine, littoral marine, and continental facies. The transition
from marine to continental sediments in the study area
occurred in the Valanginian (Devyatov et al., 2011). The
continental sediments in the Verkhoyansk foreland basin are
divided into two alternating types. Type 1 is a succession of
amalgamated channels (Ershova et al., 2010) composed of
medium- and coarse-grained white to light gray arkoses.
Type 2 includes clays and siltstones with rare sandstone
interbeds and lenses, which are the sediments of abandoned
channels, crevasse glyphs, and bogs (Ershova et al., 2010).
The presence of Upper Cretaceous sediments is disputable;
they might be localized in the central Lena–Anabar depression
as continental coarse-grained sandstones with coal measures
(Egorov et al., 2001; Khudoley and Prokopiev, 2007; Mezh-
vilk and Markov, 1983; Prokopiev et al., 2001).
Analytical methods and objects of study
The goal of our study was to reconstruct the source rocks
of terrigenous series in several structure–facies zones of the
northeastern Siberian Platform: Olenek folded zone, Lena–An-
abar depression, Verkhoyansk foreland basin, northern Verk-
hoyansk fold–thrust belt, and platform cover. Representative
samples of Carboniferous–Cretaceous terrigenous rocks were
used for Sm–Nd isotope–geochemical studies. In total, 66
samples were analyzed; to facilitate the subsequent description
of results, we divided the study area into three geographic
areas: Olenek, Lena, and Kharaulakh. From the Olenek and
Lena areas, Permian–Early Cretaceous samples were stud-
ied; from the Kharaulakh area, Carboniferous–Permian ones
(Fig. 1).
Samarium and neodymium contents and isotope composi-
tions were determined at the Institute of Precambrian Geology
and Geochronology (St. Petersburg) using a TRITON TI
multicollector mass spectrometer in a static mode. The
measured 143Nd/144Nd ratios were corrected for isotopic
fractionation based on the ratio 146Nd/144Nd = 0.7219 to
143Nd/144Nd = 0.512117 in the JNdi-1 standard. Blank
experiment over the study period was 0.03–0.2 ng for Sm and
0.1–0.5 ng for Nd. The accuracy of determination of Sm and
Nd contents was ±0.5% (2σ); of the 147Sm/144Nd ratios,
±0.5%; and of the 143Nd/144Nd ratios, ±0.005%; εNd(t) was
calculated with the use of the present-day ratios 143Nd/144Nd =
0.512638 and 147Sm/144Nd = 0.1967 in the CHUR (Jacobsen
Fig. 1. Regional sketch map, with study areas and sampling sites. 1, Olenek; 2, Lena; 3, Kharaulakh areas. Black circles show samples from the Olenek area; white
circles, from the Lena area; and crosses, from the Kharaulakh area.
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and Wasserburg, 1984). Thorium and scandium contents were
determined in the VSEGEI central laboratory by ICP-MS.
Sm–Nd isotope systematics of the terrigenous rocks
Interpretation of Sm–Nd data for the sedimentary
rocks. Samarium and neodymium are REE and belong to the
series of radioactive decay. Radioactive isotope 147Sm decays
into 143Nd, as in
143Nd/144Nd = (143Nd/144Nd)0 + (
147Sm/144Nd)(eλt – 1),
where isotope 144Nd is stable and the (143Nd/144Nd)0 ratio
corresponds to the initial Nd isotope composition at the
moment of the rock crystallization. The 143Nd/144Nd ratio
(radiogenic to stable), which can change only owing to
radioactive decay, is resistant to crustal geologic processes.
Rare-earth elements, except Ce and Eu, have the same
valence and only slightly different ionic radii, which explains
their similar geochemical properties. Nevertheless, the slight
Fig. 2. Simplified chart of correlation between composite sections of outcrops, with sampling sites. See notation for the samples in Fig. 1. Simplified after (Dagis and
Kazakov, 1984; Egorov et al., 2001; Kaplan, 1976; Kazakov et al., 2002; Mezhvilk and Markov, 1983; Prokopiev et al., 2001). 1, mudstones; 2, siltstones;
3, sandstones; 4, lenses; 5, conglomerates; 6, carbonate concretions; 7, coals; 8, carbonates; 9, samples.
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difference between the Sm and Nd ionic radii (Sm = 1.04 Å,
Nd = 1.08 Å) is enough for the Sm/Nd pair to fractionate
during partial melting and crystallization. Partial melting
generates magmas with lower Sm/Nd ratios than those in the
initial reservoir; therefore, the rocks forming from such
magmas have lower 143Nd/144Nd ratios. The depleted reservoir
zones remaining after the removal of the partial melts have
higher Sm/Nd ratios and, respectively, higher 143Nd/144Nd
ratios. The different magmatic histories and ages of the
igneous rocks determine variations in the crustal 143Nd/144Nd
ratios. A schematic diagram for interpreting Nd data for
sedimentary rocks is shown in Fig. 3. To interpret Sm–Nd
data, it is customary to use parameter εNd(t), which shows the
difference of the 143Nd/144Nd ratio in the sample from that in
the CHUR at the specific moment, or εNd(0), which shows
the present difference of the 143Nd/144Nd ratio in the sample
from that in the CHUR (DePaolo and Wasserburg, 1976;
Jacobsen and Wasserburg, 1984).
The numerous studies summarized in (McLennan et al.,
1993, 2003; Taylor and McLennan, 1985) show that REE are
not changed by metamorphic or sedimentary (weathering,
transport, deposition, and diagenesis) processes. Therefore, Nd
isotope composition in sedimentary rock corresponds to that
in the sources. If we consider the short geological time of Sm
and Nd presence in water (~400 years (Banner, 2004)), the
isotope composition of the sediments of one basin is influ-
enced only by the local source rocks or distal source rocks,
the products of whose decomposition are transported to the
basin by river systems. Variations in the isotope composition
of water in the present-day oceans depending on their source
provinces are shown in Fig. 4. Also, the isotope composition
of sedimentary sequences can vary over time depending on
the presence of new source rocks. As illustrated by the
Phanerozoic schists (Fig. 5) in the submontane trough of the
French Alps, the mantle component of these rocks was added
during the orogenic events (Michard et al., 1985); i.e., source
rocks with mantle Nd isotope composition originate during
orogenic episodes, thus increasing the 143Nd/144Nd ratio.
Results. Results of Sm–Nd isotope–geochemical studies of
the Carboniferous–Lower Cretaceous terrigenous rocks are
summarized in Tables 1–3. The εNd(t) values for the ter-
rigenous-rock samples under study and for possible source
rocks are presented in Figs. 6 and 7.
The analyzed Carboniferous samples were recovered in the
northern and southern Kharaulakh area. As regards the Sm–Nd
isotope characteristics of the samples from the northern part
of the area, these rocks have widely varying εNd(t) values
(from –10.4 to –1.3), whereas the εNd(t) values for four
samples from the southern part vary within a narrow range of
–3.6 to –2.2. The Permian samples have a more homogeneous
Fig. 3. Schematic diagram εNd–age, illustrating the simplest interpretations of
the Sm–Nd age of source rocks. Sample 1 has extremely low εNd, which
corresponds to the isotope composition of the Archean crust. The samples
belonging to field 2 with an εNd value of about –12 to –5 consist of the products
of erosion of Proterozoic source rocks. The isotope composition of sample 3
corresponds to that of juvenile source rocks. Note that the isotope composition
of field 2 might correspond to the mixing of Archean and juvenile sources. The
mixing effect can make isotope data on sedimentary rocks extremely hard to
interpret (Ross et al., 1997).
Fig. 4. Nd isotope variations in the present-day oceans (Banner, 2004). 1, Hudson Bay; 2, Baffin Bay; 3, Atlantic Ocean; 4, Drake Passage; 5, Pacific Ocean. The
supply of mantle Nd to the Pacific, together with the volcanics of the Ring of Fire, increases the εNd value in the Pacific with respect to the Atlantic. The εNd values
in the Drake Passage reflect the mixing of the Pacific and Atlantic waters. The low εNd values in Hudson nad Baffin Bays are evidence for local old sources.
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Nd isotope composition, with εNd(t) values of –6 to –3, except
two samples with more negative values (–12 and –11).
The Triassic samples from the Olenek and Lena areas are
characterized by similar εNd(t) values (–6 to +1). The increase
in εNd(t) in the Triassic might be related to the presence of
the products of erosion of more juvenile material in the
sedimentary basin. The Jurassic sediments show a wide range
of εNd(t) values (from –12 to –2). Through the Jurassic, the
εNd(t) values decreased gradually to the basement values,
suggesting a change of the source rocks. The influence of
different source rocks on different basin parts in the Jurassic
is demonstrated by the difference in the εNd(t) values for the
Jurassic samples from the Olenek and Lena areas. The
Cretaceous sandstones from the Olenek and Lena areas have
homogeneous isotope characteristics with crustal εNd(t) values
(–15 to –19).
On the εNd(t)–Th/Sc diagram (Fig. 7), the points for the
Cretaceous samples form a separate group with lower εNd(t)
values and the Th/Sc ratio of ~1.0, which corresponds to the
characteristics of the old crust. The compositional points of
the Carboniferous–Jurassic samples plot along the line of
mixing of island-arc complexes and upper-crust source rocks.
They include the points for the Triassic rocks, which are
Table 1. Results of Sm–Nd isotope-geochemical studies of terrigenous samples from the Kharaulakh area
Sample no. Rock type Stratigraphic 
age
Age, Ma Sm Nd 147Sm/144Nd 143Nd/144Nd εNd(0) εNd(t) Th Sc
ppm ppm
Carboniferous
AKH-11-15/1 Mudstone C1-2 340 6.02 33.97 0.1072 0.512325 ± 1 –6.1 –2.2 12.8 9.6
AKH-11-15/2 Sandstone C1-2 340 6.19 33.82 0.1106 0.512260 ± 3 –7.4 –3.6 9.9 5.9
AKH-11-18/1 Mudstone C1-2 340 5.81 35.79 0.0981 0.512304 ± 2 –6.5 –2.2 12.2 13.0
AKH-11-06/1 Mudstone C2-3 320 6.59 34.62 0.1150 0.512334 ± 2 –5.9 –2.6 10.9 12.1
1-v09-08 Sandstone C1v 330 4.14 19.29 0.1297 0.512142 ± 4 –9.7 –6.8 5.6 5.8
1-v09-20 Mudstone C1v 330 5.20 24.15 0.1300 0.512425 ± 3 –4.2 –1.3 2.9 6.3
1-v09-30 Sandstone C1v 330 2.48 12.27 0.1220 0.512188 ± 3 –8.8 –5.6 3.4 4.1
1-v09-39 Mudstone C1-2 330 4.73 22.56 0.1267 0.512022 ± 2 –12.0 –9.1 9.4 16.1
1-v09-42 Siltstone C1-2 330 6.49 26.31 0.1491 0.512080 ± 2 –10.9 –8.9 5.5 7.6
12-v09-19 Mudstone C1v 330 3.92 19.31 0.1227 0.512299 ± 3 –6.6 –3.5 4.0 10.3
14-v09-09 Siltstone C2-3 310 5.92 32.53 0.1099 0.511928 ± 5 –13.9 –10.4 8.6 9.6
14-v09-14 Sandstone C2-3 310 6.91 32.51 0.1286 0.512092 ± 3 –10.7 –8.0 7.1 7.5
Permian
SM-11-03/1 Mudstone P1 275 6.39 33.84 0.1141 0.512337 ± 1 –5.9 –3.0 12.0 11.2
SM-11-03/2 Sandstone P1 275 6.01 31.59 0.1151 0.512315 ± 1 –6.3 –3.4 11.4 7.2
SM-11-06/1 Mudstone P1 275 6.49 32.98 0.1191 0.512356 ± 2 –5.5 –2.8 11.1 12.6
SM-11-06/2 Sandstone P1 275 5.00 24.69 0.1225 0.512336 ± 3 –5.9 –3.3 8.7 9.2
SM-11-11/1 Mudstone P1 275 4.96 22.77 0.1377 0.512370 ± 3 –5.2 –3.0 12.2 9.1
SM-11-11/2 Sandstone P1 275 4.89 23.98 0.1233 0.512351 ± 2 –5.6 –3.0 9.4 5.0
SM-11-05/1 Mudstone P2 260 4.93 23.63 0.1260 0.512375 ± 2 –5.1 –2.8 7.1 8.8
SM-11-05/2 Sandstone P2 260 3.25 17.66 0.1112 0.512313 ± 2 –6.3 –3.5 5.0 4.5
SM-11-10/1 Mudstone P2 250 6.87 36.38 0.1142 0.512342 ± 3 –5.8 –3.2 10.8 16.5
SM-11-10/2 Sandstone P2 250 4.51 22.61 0.1206 0.512345 ± 3 –5.7 –3.3 7.6 9.2
Fig. 5. The εNd values for the sedimentary rocks in the foothills of the French
Alps (Michard et al., 1985). The orogenic events (Hercynian, Caledonian, and
Baikalian folding) correlate with increased εNd values, whereas the average εNd
values during nonorogenic time are –10. This is because mantle rocks were in
the eroded area during the orogenic events.
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displaced on the diagram toward the main sources in both
characteristics (εNd(t) and Th/Sc) with respect to the other
points. The points for the Permian and, to a smaller extent,
Carboniferous and Jurassic samples cover a wider region on
the diagram, being displaced toward the felsic component
(along the Th/Sc axis), which testifies to heterogeneous source
rocks, including both more felsic rocks and juvenile material.
Discussion
Possible sources: the Siberian Platform and surround-
ing orogens. Most of the basement of the northern Siberian
Platform consists of the Archean crust reworked during
Paleoproterozoic tectonic events, when the Siberian Platform
basement was formed by collision (Glebovitsky et al., 2008;
Rosen et al., 2006; Smelov and Timofeev, 2007; Smelov et
al., 2001). The Siberian Platform basement has Paleoprotero-
zoic and Archean model ages (TDM), with the predominance
of the Archean ages and an εNd(0) value of –16 or less, mostly
below –25 (Gusev et al., 2013; Kovach et al., 2000; Mol-
chanov et al., 2011; Rosen et al., 2006; Smelov et al., 2001,
2012). The Mesoproterozoic terrigenous sedimentary com-
plexes have characteristics similar to those of the basement
rocks; they have εNd(0) values of –25 or less and Archean
model ages (TDM) (Khudoley et al., 2015; Kuptsova et al.,
2011). The overlying Meso- and Neoproterozoic and Lower
Paleozoic platform sediments, to the Carboniferous strata, are
dominated by carbonates. As a young source of detritus might
be the Siberian Traps, widespread in the western part of the
platform; their Sm–Nd isotope characteristics are well-known:
εNd(t) for 250 Ma is from –10 to +8, peaking at 0 to +2
(GEOROC; Lightfoot et al., 1993).
The Sm–Nd isotope characteristics of the complexes from
the surrounding fold–thrust belts were not studied everywhere,
but some data are available. The Taimyr–Severnaya Zemlya
belt is the fold–thrust belt closest to the study area; along with
the Kara terrane, it includes Neoproterozoic juvenile rocks and
Neoproterozoic to Triassic felsic, mafic, and alkalic igneous
complexes, the products of whose erosion might be localized
in the Upper Paleozoic and Mesozoic terrigenous complexes
of the neighboring regions (Makar’ev, 2013; Proskurnin et al.,
2014; Vernikovsky, 1996; Vernikovsky et al., 2003, 2004).
The available data on the Sm–Nd characteristics of the source
rocks can be summarized as follows: The Neoproterozoic
granites show εNd(0) values of –14 to –7.7 (Vernikovskaya et
al., 2002; Vernikovsky, 1996); the Late Permian and Early
Triassic postcollisional granites, from –8 to +2 (Vernikovsky
et al., 2003); and the Neoproterozoic plagiogranites, from –5.6
to +1.2 (Vernikovsky, 1996).
Table 2. Results of Sm–Nd isotope-geochemical studies of terrigenous samples from the Lena area
Sample no. Rock type Stratigraphic 
age
Age, Ma Sm Nd 147Sm/144Nd 143Nd/144Nd εNd(0) εNd(t) Th Sc
ppm ppm
Permian
SG-09-02 Sandstone P1 285 3.87 26.79 0.0874 0.512145 ± 5 –9.6 –5.6 5.9 6.0
6-V09-03 Sandstone P1 285 4.05 29.99 0.0816 0.511883 ± 6 –14.7 –10.6 7.9 6.4
09-AP-38 Sandstone P2 265 3.00 20.32 0.0846 0.512276 ± 6 –7.3 –3.6 5.3 4.1
7-09V-14 Mudstone P2 265 5.60 42.46 0.0798 0.512200 ± 3 –8.5 –4.6 10.9 13.2
Triassic
SG-09-11/2 Sandstone T1ol 247 2.78 16.76 0.1002 0.512394 ± 5 –4.8 –1.7 4.2 8.9
09-AP-33 Sandstone T1ol 247 4.01 26.31 0.0921 0.512375 ± 3 –5.1 –1.8 6.9 12.1
7-V09-34 Sandstone T2an 241 6.48 48.45 0.0808 0.512117 ± 2 –10.2 –6.6 13.6 13.8
09-AP-37 Sandstone T3k 231 3.73 21.94 0.1029 0.512489 ± 3 –2.9 –0.1 6.7 8.3
7-V09-42 Mudstone T3k 222 4.11 26.11 0.0951 0.512475 ± 4 .3.2 –0.3 5.8 16.5
Jurassic
19-V09-08 Sandstone J2bt 169 3.39 24.19 0.0846 0.512276 ± 3 –7.1 –4.6 8.4 5.2
19-V09-27 Sandstone J2bt 169 4.23 31.43 0.0813 0.512174 ± 4 –9.1 –6.6 10.5 6.2
SG-09-18/3 Sandstone J2kl 163 3.66 26.86 0.0824 0.512061 ± 3 –11.3 –8.9 7.5 5.5
19-V09-35 Mudstone J3t 145 4.52 36.98 0.0739 0.511928 ± 2 –13.8 –11.6 12.6 18.0
Cretaceous
19-V09-39 Sandstone K1b 140 4.15 32.20 0.0779 0.511602 ± 4 –20.2 –18.1 10.1 5.9
SG-09-25/1 Sandstone K1v-h 134 4.93 42.51 0.0701 0.511586 ± 4 –20.5 –18.4 12.8 7.2
19-V09-81 Sandstone K1h 132 3.26 22.17 0.0888 0.512560 ± 5 –21.0 –19.2 4.9 6.5
SG-09-36/1 Sandstone K1ap 125 2.87 20.02 0.0866 0.511696 ± 3 –18.4 –16.6 3.8 5.5
SG-09-49/1 Sandstone K1ap 119 2.55 17.31 0.0890 0.511739 ± 4 –17.5 –15.9 3.6 5.5
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The Sm–Nd characteristics of some complexes on the
southwestern margin of the Siberian Platform show a wide
range of εNd values. For example, the Neoproterozoic granites
of the Yenisei Ridge have εNd(0) values of –15 to –10
(Vernikovsky et al., 2007); the alkalic igneous complexes,
from –6 to +1 (Romanova et al., 2012). Besides, consider-
able variations in the εNd values, up to juvenile values, are
observed in Transbaikalia and more westerly parts of the
Central Asian Orogenic Belt, which are also possible source
areas (Degtyarev, 2012; Kröner et al., 2014; Rytsk et al.,
2007).
Thus, the fold belts framing the Siberian Platform have a
heterogeneous Nd isotope composition with εNd(0) values of
predominantly –10 to +2. If the old crust is present in the
source area, the εNd(0) values can decrease; in the presence
of ophiolites, they can increase dramatically.
Source areas of the Carboniferous terrigenous rocks.
The obtained Sm–Nd isotope data for the Carboniferous
samples show a nonuniform spatiotemporal distribution of the
εNd(t) values.
Two groups of Carboniferous samples from the Kharaulakh
area (Table 1, Figs. 6, 8a) have different isotope charac-
teristics. The northern part of the area is characterized by a
wide range of εNd(t) values, whereas in the more southerly
part of the Kharaulakh anticlinorium, which is farther from
the platform edge, the rocks have a homogeneous isotope
composition with high εNd(t) values (–3.6 to –2.2), which
reflect the presence of both island-arc complexes, including
juvenile ones, and mature continental crust in the source area
(Fig. 7). Judging by the regularities in the change of the
composition and sedimentation conditions of the Carbonifer-
ous rocks, there was a sea basin northeast and east of the study
region and detritus cannot have been transported from the east
(Prokopiev et al., 2013). On the other hand, as shown by the
ages of detrital zircons from the same sedimentary complexes,
a significant part of the detritus was transported from the
Taimyr–Severnaya Zemlya fold–thrust belt (Ershova et al.,
2013, 2015; Prokopiev et al., 2013), from which the products
of erosion of the island-arc and juvenile rocks might have
been supplied (Fig. 8a). The sedimentation under conditions
Table 3. Results of Sm–Nd isotope-geochemical studies of terrigenous samples from the Olenek area
Sample no. Rock type Stratigraphic 
age
Age, Ma Sm Nd 147Sm/144Nd 143Nd/144Nd εNd(0) εNd(t) Th Sc
ppm ppm
Permian
SG-08-24a Sandstone P1 299 7.07 1.29 0.1098 0.511880 ± 5 –14.8 –11.5 5.8 3.6
SG-08-01 Sandstone P1 290 4.36 25.77 0.1022 0.512222 ± 4 –8.1 –4.6 7.2 6.0
SG-08-19 Sandstone P1 275 4.15 22.72 0.1104 0.512379 ± 2 –5.0 –2.0 6.8 6.9
08-AP-135 Sandstone P2 270 3.68 17.98 0.1237 0.512213 ± 2 –8.3 –5.8 5.7 6.7
4-1-2 Sandstone P2 265 4.20 22.53 0.1126 0.512192 ± 2 –8.7 –5.8 5.9 5.9
SG-08-53/1 Sandstone P2 251 4.39 24.78 0.1070 0.512204 ± 5 –8.5 –5.6 2.6 6.1
Triassic
SG-08-47/1 Sandstone T1 248 4.67 23.60 0.1195 0.512335 ± 5 –5.9 –3.5 8.3 13.2
SG-08-48/1 Sandstone T2 240 6.82 31.02 0.1328 0.512582 ± 3 –1.1 0.9 7.6 19.8
SG-08-48/3 Sandstone T2 237 4.82 23.70 0.1229 0.512458 ± 3 –3.5 –1.3 7.6 7.7
SG-08-59 Sandstone T2 237 1.68 10.46 0.0973 0.512526 ± 3 –2.2 0.8 1.8 4.5
08-AP-142 Sandstone T3r 200 7.81 36.41 0.1296 0.512434 ± 3 –4.0 –2.2 9.7 19.1
Jurassic
08-AP-133 Sandstone J2bj-bt 168 5.53 28.50 0.1173 0.512432 ± 3 –4.0 –2.3 8.8 12.0
SG-08-26a Mudstone J2 168 3.79 22.07 0.1037 0.512273 ± 2 –7.1 –5.1 3.8 3.9
SG-08-12 Sandstone J2-3 167 4.04 22.45 0.1087 0.512386 ± 4 –4.9 –3.1 6.8 5.8
08-AP-112 Conglomerate J3t 150 7.78 42.65 0.1103 0.512178 ± 3 –9.0 –7.3 8.2 9.1
Cretaceous
08-AP-107 Sandstone K1v 137 4.46 27.20 0.0993 0.511558 ± 2 –21.1 –19.4 7.6 6.4
08-AP-118 Sandstone K1hr-br 130 3.10 18.20 0.1030 0.511731 ± 3 –17.7 –16.1 3.2 4.8
SG-08-41 Sandstone K1 123 5.44 31.46 0.1046 0.511771 ± 5 –16.9 –15.5 6.0 6.2
08-AP-119 Sandstone K1ap-al 112 4.76 29.45 0.0976 0.511581 ± 2 –20.6 –19.2 5.7 6.8
SG-08-37/1 Sandstone K1al 108 2.61 16.78 0.0940 0.511583 ± 4 –20.6 –19.2 4.3 5.7
SG-08-39a Sandstone K1al 105 2.91 18.34 0.0959 0.511820 ± 5 –16.0 –14.7 9.2 8.9
08-AP-121 Sandstone K1al 105 2.24 13.79 0.0982 0.511682 ± 6 –18.7 –17.3 3.0 3.4
SG-08-43 Sandstone K1al 105 3.44 24.58 0.0845 0.511773 ± 4 –16.9 –15.4 5.1 4.0
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of a submarine fan at a distance from the source area favored
the homogenization of isotope composition. The rocks in the
group of samples from the northern Kharaulakh area were
localized closer to the source of detritus on the Taimyr
Peninsula, as shown by the less homogeneous isotope compo-
sition of the terrigenous rocks (Fig. 8a). Most likely, the
Siberian Platform basement was a source area with widespread
mature continental crust, as it is also evidenced by the dating
of the detrital zircons (Ershova et al., 2013, 2015; Prokopiev
et al., 2013). Some low εNd(t) values (to –10.4) in the studied
Carboniferous rocks might be related to the increase in the
contribution of local source rocks with the old crust (first and
foremost, the Olenek uplift).
Source areas of the Permian terrigenous rocks. The
isotope composition of the sandstones and mudstones in the
Permian sediments varies within the same range as that in the
Carboniferous sediments (εNd(t) values of –11.5 to –2.0,
Fig. 6, Tables 1–3), suggesting a combination of island-arc
and/or juvenile source rocks. Like the Carboniferous rocks,
the Permian rocks have the most homogeneous isotope
characteristics in the section of the inner part of the Kharau-
lakh anticlinorium, which is remote from the platform edge:
The εNd(t) values for ten Lower and Upper Permian samples
vary only from –3.5 to –2.8 (Figs. 6, 8a, Table 1). Within the
Lena and Olenek areas, the εNd(t) values vary from –10.6 to
–3.6 and from –11.5 to –2.0, respectively, reflecting the fact
that the isotope characteristics of the terrigenous rocks become
less homogeneous in the westward direction (Fig. 8a, Tables
2, 3).
As in the Carboniferous, the Siberian Platform basement
was a source area with widespread mature continental crust.
Nevertheless, despite the similarity between the isotope char-
acteristics of the Carboniferous and Permian terrigenous
complexes, the rocks with high εNd(t) values in the Permian
sections are of disputable origin. In the Olenek basin, the
coexistence of the sample in which εNd(t) is –2.0 with the
sample in which εNd(t) equals –11.5 is related to unknown
local sources with widespread mafic igneous rocks (Fig. 8a).
Judging by the change of facies and thicknesses, the sea basin
was located both east and north of the northeastern margin of
the Siberian Platform (Egorov et al., 2001; Kontorovich et al.,
2013; Kropachev, 2013; Makar’ev, 2013); therefore, the
location of a source area east or north of it is hardly possible.
The regular change in the isotope characteristics of the
Permian terrigenous strata testifies to origin from the west;
that might have been both the western Taimyr–Severnaya
Zemlya fold–thrust belt and the fold–thrust belts of the
basement of West Siberia or the southwestern and southern
framings of the Siberian Platform. If the source areas were
the fold–thrust belts of the basement of West Siberia and/or
the southwestern and southern surroundings of the Siberian
Platform, the transport of detritus requires a branched river
network, whose existence was presumed before based on the
study of the ages of detrital zircons (Ershova et al., 2015;
Prokopiev et al., 2008, 2013). More precise location of the
source area for the Permian terrigenous rocks requires addi-
tional studies.
Source areas of the Triassic terrigenous rocks. The
observed increase in εNd(t) in the Triassic rocks is expected,
Fig. 6. Diagram for the evolution of the εNd value for the Carboniferous–Lower Cretaceous terrigenous samples. 1, samples from the Olenek area; 2, from the Lena
area; 3, from the Kharaulakh area. The field of values for the crystalline basement and Proterozoic crust is after (Glebovitsky et al., 2008; Kovach et al., 2000; Rosen
et al., 2006), and the field of values for the trap basalts is after (GEOROC; Lightfoot et al., 1993).
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and it reflects the formation and erosion of the igneous
complex of the Siberian Traps (Fig. 8b). The isotope charac-
teristics of the Triassic terrigenous rocks are nonuniform over
the area, which testifies to the low degree of mixing of detritus
and the proximity of source rocks. The lowest εNd(t) values
(–6.5, –3.4, and –2.2) can be interpreted as the continuation
of supply of material from the same source areas as in the
Permian–Carboniferous or as a result of recycling of the
underlying Permian and Carboniferous rocks. The high εNd(t)
values (–1 or more) in the Triassic terrigenous rocks suggest
that a significant quantity of detritus with isotope charac-
teristics similar to those of traps was supplied to the basin
(Fig. 6). The small number of 230–260 Ma detrital zircons in
the sample of Upper Triassic rocks from the northern margin
of the Olenek uplift, where they make only 6 of 88 analyzed
grains ((Miller et al., 2013), sample PROK-212), is explained
by the fact that, compared to felsic igneous and metamorphic
rocks, mafic rocks contain only an insignificant quantity of
zircons, so that during the study of distribution of the ages of
detrital zircons, their occurrence in the source area cannot be
adequately estimated (McLennan et al., 1993).
Source areas of the Jurassic terrigenous rocks. In the
Jurassic samples, the isotope characteristics of the sedimentary
rocks change toward negative εNd(t) values, which is particu-
larly evident for the eastern part of the region, where the εNd(t)
values in the outcrops along the Lena River vary from –11.6
to –4.6 (Figs. 6, 8d, Tables 2, 3). Such a change in the isotope
characteristics is explained by the decrease in the contribution
of juvenile source areas, which were eroded in the Triassic,
and the increase in the contribution of crustal source areas.
The Upper Jurassic rocks have the lowest εNd(t) values, which
suggests the increase in the contribution of sources with
mature continental crust over time. As the εNd(t) values for
the southeastern samples (Lena area) are lower than those for
the northwestern ones (Olenek area), detritus with crustal
isotope characteristics might have been transported from the
southern Siberian Platform in the northward or northeastward
direction. If the nearest basement salients (e.g., the Anabar
Shield) had disintegrated, crustal sources would have influ-
enced the isotope compositions of all the samples in the same
way.
Source areas of the Cretaceous terrigenous rocks. At the
Jurassic/Cretaceous boundary, the εNd(t) values decreased
dramatically and εNd(t) in the Lower Cretaceous sedimentary
rocks decreased to a value of –15 to –19. Such εNd(t) values
are typical of the crystalline basement of the Siberian Platform,
which was the main source of detritus (Figs. 6, 7, 8d). The
change of the configuration of the source areas and the
presence of new sources testify to important tectonic events
both in and outside the study area. For example, in the Late
Jurassic–Early Cretaceous, the Verkhoyansk foreland basin
began to form; in the Early Cretaceous, the Lena–Anabar
depression began to form and a transition from marine to
continental sedimentation took place (Prokopiev et al., 2001).
The study of the Nd isotope composition of the Lower
Cretaceous clastic rocks reveals minimum, if any, detritus
removal from the fold–thrust belt. In the Verkhoyansk fold–
thrust belt, Carboniferous–Triassic terrigenous complexes are
involved in the thrusting; in the case of their erosion, the εNd(t)
values in the Cretaceous sediments would be considerably
higher than the actual ones. Moreover, if local source areas
with higher εNd(t) values influenced the basin under study, the
Fig. 7. The diagram εNd(t)–Th/Sc for the studied samples (McLennan et al., 1993). Gray circle corresponds to the averaged composition of the upper crust.
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distribution of the isotope characteristics would not have been
so uniform. Apparently, the mountains which formed in the
Verkhoyansk fold–thrust complex were separated from the
Verkhoyansk foreland basin by a front ridge as a barrier to
the material supplied from the mountains. In that case material
from the Verkhoyansk fold–thrust belt was transported east-
ward, and the Verkhoyansk foreland basin was filled with
detritus predominantly from alternative source areas.
The transport of material from the west is possible, but this
scenario is hardly likely, because the crystalline basement was
overlain by a sedimentary cover (Prokopiev et al., 2001). The
erosion of locally exposed low basement salients, such as the
Anabar Shield or Olenek uplift, cannot have ensured the
accumulation of 4 km thick strata of clastic sediments in the
neighboring troughs. Therefore, the Verkhoyansk foreland
basin and Lena–Anabar depression were filled, most likely,
owing to the erosion of more distant parts of the Siberian
Platform (e.g., the Aldan Shield). This hypothesis for the
Verkhoyansk foreland basin was previously put forward by
O.V. Yapaskurt (1992).
Conclusions
The isotope–geochemical data presented in the paper show
that the formation of the terrigenous sediments of the north-
eastern Siberian Platform in the Carboniferous proceeded
owing to the erosion of mainly the Taimyr–Severnaya Zemlya
fold–thrust belt, which is consistent with the dating of detrital
zircons (Ershova et al., 2013, 2015; Prokopiev et al., 2013).
In the Permian, detritus was transported, most likely, from the
fold–thrust belts of the basement of the Siberian Platform, but
additional studies are required for more definite conclusions.
The erosion of traps played the leading role in the accumula-
tion of the Triassic strata. The Upper Jurassic shallow-water
marine and, particularly, Lower Cretaceous continental sedi-
ments filling the Verkhoyansk foreland basin and Lena–An-
Fig. 8. Simplified scheme for the present-day distribution of the studied sedimentary complexes in the northeastern Siberian Platform and adjacent fold belts. Arrows
show the generalized directions of transport of clastic (1, island-arc and juvenile; 2, mixed/uncertain; 3, crustal) material: a, for the Carboniferous and Permian; b, for
the Triassic; c, for the Jurassic; d, for the Cretaceous.
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abar depression formed owing to the erosion of the crystalline
basement (probably, the Aldan Shield). The dramatic differ-
ence in the isotope characteristics of the Carboniferous–Per-
mian and Lower Cretaceous terrigenous rocks testifies to
minor supply of the products of erosion of the Verkhoyansk
fold–thrust belt during the formation of the latter.
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